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Some Physical and Mechanical Properties of
Russian Olive Fruit
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Abstract—Physical and mechanical properties of Russian olive
fruits were measured at moisture content of 14.43% w.b. The results
revealed that the mean length, width and thickness of Russian olive
fruits were 20.72, 15.73 and 14.69mm, respectively. Mean mass and
volume of Russian olive fruits were measured as 1.45 g and 2.55 cm’,
respectively. The sphericity, aspect ratio and surface area were
calculated as 0.81, 0.72 and 8.96 cm’, respectively, while arithmetic
mean diameter, geometric mean diameter and equivalent diameter of
Russian olive fruits were 17.05, 16.83 and 16.84 mm, respectively.
Whole fruit density, bulk density and porosity of jujube fruits were
measured and found to be 1.01 g/em’, 0.29 g/em® and 69.5%,
respectively. The values of static coefficient of friction on three
surfaces of glass, galvanized iron and plywood were 0.35, 0.36 and
0.43, respectively. The skin color (L*, a*, b*) varied from 9.92 to
16.08; 2.04 to 3.91 and 1.12 to 3.83, respectively. The values of
rupture force, deformation, energy absorbed and hardness were found
to be between 12.14-16.85 N, 2.16-4.25 mm, 3.42-6.99 N mm and
17.1-23.85 N/mm.
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[. INTRODUCTION

HE Russian olives (Elaeagnus angustifolia L.) are
deciduous shrubs in the genus Hippophae, family
Elaeagnaceae that typically range from 0.5 to 6 m in height
with equivalent spread. It has been used for centuries in both
Europe and Asia as food, and for its pharmaceutical
properties, while its place of origin is in Iran. Tropical
application of sea buckthorn oil has been reported for skin
therapy including sun, heat, chemical and radiation burns,
eczema and poorly healing wounds. Oil from the Russian
olive fruit is rich in vitamin E, carotenoids, phytosterols and
essential fatty acids, all of which have beneficial medicinal
properties for the treatment of internal and topical maladies.
The importance of understanding the physical properties of
fruits is to design of machines and processes for harvesting,
handling and storage of agricultural materials and for
converting these materials into foods. Some of these properties
include the size, shape, sphericity, bulk density, true density,
porosity, geometric mean diameter, projected area, surface
area, mass, volume, etc. The knowledge related to shape and
physical dimensions, is useful in sorting and sizing of fruits
and determining how many fruits can place in shipping
containers.
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Knowing the bulk and fruit density of agricultural materials
would be valuable in design of silos and storage bins,
separation from undesirable materials, and grading [1].
Coefficient of static friction play an important role in
inclination angle of conveyor and storage bin [2]. Koocheki et
al. evaluated some physical properties of watermelon seed as a
function of moisture content and variety [3]. Keramat Jahromi
et al. determined some physical properties for data fruit at a
moisture content of 10.45% (dry basis) [4]. Ozturk et al.
evaluated some physical properties of olive cultivars [5].
Davies determined some physical properties of arigo seeds at a
moisture content of 10.3% (wet basis) [6]. Altuntas et al
determined physical and chemical properties of persimmon
fruit (cv. Fuyu) [7]. Ercisli et al determined physical and
mechanical properties of nuts and kernels of 12 common
hazelnut genotypes to optimize hazelnut mechanization and
processing [8]. Also, in recent years some studies were
conducted to determine physical and mechanical properties of
fruits and seeds such as wheat [9], sheanut [10], African
nutmeg [11], orange [12], oil palm [13], kariya seeds [14].

The aim of this study was conducted to investigate the
principle dimensions (Length, Width, and Thickness),
arithmetic mean diameter, geometric mean diameter,
equivalent diameter, sphericity, aspect ratio, surface area, fruit
mass, volume, true and bulk densities, porosity, angle of
repose, coefficient of static friction on different surfaces, color
characteristics (L*, a*, b*) and rupture force, deformation,
energy absorbed and hardness of Russian olive fruits.

II. MATERIAL AND METHODS

In this study, about 20 kg Russian olive fruits were prepared
from Bojnourd region, Iran. Before measuring properties of
grains, foreign matters such as dust and stones, were removed
manually from the rest of fruits. The initial moisture content of
fruits was determined through an oven method at 105 + 3 °C
during 24 hours. The principle dimensions (Length (L), width
(W), thickness (T)) of selected randomly 50 Russian olive
fruits were measured using a digital micrometer having the
accuracy of 0.001mm [15].

The arithmetic mean diameter, D,, and geometric mean
diameter, Dy, of the fruits were calculated by using the
following relationships [15]:

L+W+T (1)
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The equivalent diameter (D)) for a fruit, was calculated by
Mohsenin [15]:

p
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Surface area, aspect ratio of the shape and sphericity were
determined according to the Mohsenin’s method. The porosity
of Russian olive fruit was computed from the values of true
density and bulk density of the fruits [15]:

e=Pt=Pb 100 )

Pt
Where: ¢ is the porosity (%); py is the bulk density (kg/m?);

and p, is the true density (kg/m’). Reported values of all
density characteristics are means of 20 replications.

The angle of repose was determined by using an open-
ended cylinder of 15 cm diameter and 50 cm height. The
cylinder was placed at the center of a circular plate having a
diameter of 70 cm and filled with fruit or kernel. The cylinder
was raised slowly until it formed a cone on the circular plate.
The height of the cone was recorded by using a movable
pointer fixed on a stand having a scale of 0-1 cm precision.
The angle of repose, 0, was calculated using the formula:

2H
6 = taTL_l(?) (5)
Where: H is the height of the cone (cm) and d is the diameter
of cone (cm). Other researchers have used this method [15].
The reported value is mean of 20 replications.

The static coefficient of friction for jujube fruits was
determined with respect to three test surfaces, plywood, glass,
and the galvanized iron sheet. For this purpose a cylinder with
diameter and depth of 75Smm and 50mm was filled with grains.
The cylinder was mounted on the surface and the slope of the
surface was increased gradually. When the cylinder started
sliding down, the angle (o) was measured. The value of static
friction coefficient (u) was calculated using equation below
[15]:

Us =tga (6)

The color of Russian olive fruits in terms of L*, a*, b*
values was determined using a Minolta colorimeter (CR-3000
Model). L* denotes the lightness or darkness; a* is green or
red; and b* is blue or yellow color of the samples. The color
was measured at three points of each sample. Measurements
were conducted on the skin and were computed as the means
of three replications [16].

The mechanical properties for one compression axis (in line
with the longitudinal) of Russian olive fruits was determined
by a quasi-static loading device that performed with an Instron
Universal Testing Machine (Model Santam SMT-20).The
device consists of a lower plate that a single fruit was placed
on this plate and upper plate moved up with a fixed speed of
3mm min" and initial distance of 10 mm from the surface of
sample compressing the Russian olive between two parallel
plates until it ruptured. A load cell connected to a stationary
upper plate and sensed the force applied to the sample which
increased with time and transmitted the data to a computer

(Fig 1).

The test was repeated fifty times. Rupture force and
deformation measured at rupture point [20]. The area under
the load-deformation curve given the energy absorbed during
the loading up to rupture [1], and hardness, Q, was calculated
by dividing the rupture force by the deformation at rupture [2].

Fig. 1 Apparatus for the measurement of mechanical properties

III. RESULTS AND DISCUSSION

Wet basis moisture content of Russian olive fruits samples
was found to be 14.34%. Results showed that the mass and
volume varied from 0.71 to 2.36 g and from 1.06 to 4.34 cm’,
with mean values of 1.45 g and 2.55 cm®, respectively. These
conclusions were supported by Ercisli et al. for hazelnut
cultivars [8]. Dimensions of Russian olive fruits varied from
14.08 to 26.82 mm in length, 11.38 to 18.99 mm in width, and
11.29 to 17.59 mm in thickness, with average values of 20.72,
15.73, and 14.69 mm, respectively. The importance of
dimensions is in determining the aperture size of machines,
particularly in separation of materials as discussed by
Mohsenin [15]. These dimensions can be used in designing
machine components and parameters. The major axis has been
found to be useful by indicating the natural rest position of the
fruit. The importance of sphericity and aspect ratio is in
determining the shape of fruit. The average sphericity of
Russian olive fruits was 0.81, which sphericity is reported by
Mohsenin in the range of 0.32-1 [15]. The mean aspect ratio
was obtained as 0.72, with variation of 0.53 to 0.98. The
surface area of Russian olive fruits varied from 5.04 to 12.86
cm’ with mean values of 8.96 cm”. Similar conclusion was
obtained by Ercisli et al. for hazelnut cultivar [8].

Whole fruit density and Bulk density were measured and
found to be between 0.66 to 1.48 and 0.27 to 0.33 g/cm’, and
with average values of 1.01 and 0.29 g/cm’, respectively. The
porosity obtained was found to be 69.5%. Values of mean
coefficient of static friction on glass, galvanized iron steel and
plywood surfaces were obtained as 0.35, 0.36 and 0.43,
respectively.

Results of analysis showed that static coefficient of friction
on plywood surfaces had a significant difference (p<0.05) with
static coefficient of friction of galvanized iron steel and glass.
The static coefficient of friction on galvanized iron steel was
higher than that of glass and lower than that of plywood
surface. This is due to the frictional properties between the
fruits and surface materials.
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The knowledge related to static coefficient of friction of TABLE IV
fruits on different surfaces, is useful in the separation process —SOME MECHANICRAL PROPERTIES OfR RUSSIAN OLIV};AT LONG”UDEIA;HAX‘S
and would be valuable in transportation of the fruits. A upture ctormation nergy arcness

f . . force (mm) absorbed (N/mm)
summary of results of the determined physical parameters is ~) N mm)
shown in Table I and II. Noor 0 < < <
TABLE sample
SOME PHYSICAL PROPERTIES OF RUSSIAN OLIVE FRUIT Mean 14.64 3.01 4.99 20.02
Properties No. of samples Mean SD Max 16.85 4.25 6.99 23.85
Mass( g) 50 1.45 0.32 Min 12.14 2.16 3.42 17.1
Length (mm) 50 20.72 2.60 SD 1.34 0.47 0.71 1.79
Width (mm) 50 15.73 1.60
Thickness (mm) 50 14.69 1.40 IV.CONCLUSION
Arithmetic  mean 50 17.05 1.57 1. Dimensions of Russian olive fruits varied from 15.29 to
dGlameter'(mm) s o83 |53 21.69 mm in length, 13.14 to 20.45 mm in width, and 13.11
eometric - mean : : to 18.76 mm in thickness, with average values of 18.88,
diameter (mm) 16.79 d15.9 tivel
Equivalent 50 16.84 1.54 -7, an : n,lm’ re;pec vely . .
diameter (mm) 2. The. average arithmetic apq geometric mean diameter,
Sphericity 50 0.81 0.06 equivalent diameter, sphericity, aspect ratio and surface
Aspect ratio 50 072 0.09 area were: 17.05, 16.83, 16.84 mm, 0.81, 0.72 and 8.96
Volume (cm®) 50 2.55 0.69 cm?, respectively, at moisture content of 14.34% (w.b.).
Surface 50 8.96 1.61 3. Fruit mass was between 0.71 and 2.36 g and volume was
2 .
area (cm’) from 1.06 to 4.34 cm’. Bulk density found to be between
TABLE Il 0.27 and 0.33 kg/m® while True density varied from 0.66
CHOSEN PROPERTIES OF RUSSIAN OLIVE FRUIT AT 14.43% (w.b.) and 1.48 kg/m’. The porosity obtained was found to be was
Properties Values Max Min SD 69.5 %.
Bulk density(kg/m?) 0.29 0.33 0.27 0.02 4. The angle of repose of Russian olive fruit was 20.5°
True density(kg/m®) 1.01 1.48 0.66 0.25 (i3.04°).
Porosity (%) 69.5 81.73 57.72 7.89 5. Values of mean coefficient of static friction on glass,
Angle of repose(deg) 205 24 18.5 3.04 galvanized iron steel and plywood surfaces were obtained
Static coefficient as 0.35, 0.36 and 0.43, respectively. The static coefficient of
of friction: .. . . .
friction on galvanized iron steel was higher than that of
Plywood 0.43 0.58 0.31 0.05 | dl h h ol d P
Galvanized iron 036 0.49 0.07 0.03 glass and lower than that of plywood surface.
Glass 035 051 0.04 005 6. The values of L*, a*, b* Var1§d from 9.92 to 16.08; 2.04 to
3.91 and 1.12 to 3.83, respectively.

The mean skin color (L*, a*, b*) values of Russian olive 7. Tt}:e a];/eéag;rupture t:rc;: (y)’ Def;r/matlon (mm)i)energy
fruits are presented in Table III. The values of L*, a*, b* ?Zsi)i T6 8(5 mnzl)16a1411 95 ar I;e:; 6(99mm) (;vere” let;v;gtsl
varied from 9.92 to 16.08; 2.04 to 3.91 and 1.12 to 3.83, el T an e
respectively. respectively.
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